Introduction 31
The Middle East and North Africa host the largest dust source in the world, the Sahara Desert 32 in North Africa that may be responsible for up to 18 percent of global dust emission (Todd 33 et al., 2007 , Bou Karam et al. 2010 , Schepanski et al. 2016 . The vast 650,000 km 2 Rub' al 34
Khali (Empty Quarter) sand desert is a major source of frequent dust outbreaks and severe 35 dust storms that has major effect on human activity in the Arabian Peninsula (Böer, 1997, 36 Elagib and Addin 1997 , Farahat et al., 2015 . 37
Air quality over the Arabian Peninsula has received significant attention during the past 15 38 years due to unprecedented overall economic growth, and a booming oil and gas industry, 39 however, air pollution studies are still far from complete. Frequently blowing dust storms 40 play a significant role in pollutant transport over the Arabian Peninsula; and major 41 environmental pollution events such as burning of Kuwait oil fields during the 1991, Gulf 42
War resulted in a large environmental impact on the Arabian Gulf Area (Sadiq and McCain, 43 1993, and Farahat 2016) . 44
Aerosol optical depth, AOD, (also called aerosol optical thickness, AOT) as a parameter 45
indicates the extinction of a beam of radiation as it passes through a layer of atmosphere that 46 contains aerosols. Both satellites and ground-based instruments can be used to measure AOD 47 in the atmosphere, but within the same temporal coordinates and geographic location 48 different instruments could generate different retrievals (Kahn et al., 2007 , Kokhanovsky et 49 al., 2007 , Liu et al., 2008 and Mishchenko et al., 2009 . 50
Since the turn of the 21 st century, an upward trend of remotely sensed and ground-based 51 AOD and air pollutants was observed over the Middle East and North Africa (El-Askary 52 , Ansmann et al. 2011 , Yu et al. 2013 , Chin et al. 2014 , Yu et al. 2015 2016, Solomos et al. 2017) . This positive trend is attributed to the increase in the Middle 54
Eastern dust activity (Hsu et al., 2012) due to changes in wind speed and soil moisture 55 (Ginoux et al. 2001 and Kim et al. 2013) . Yu et al., (2015) concluded that the persistent La 56
Niña conditions (Hoell et al., 2013) have caused increment in Saudi Arabian dust activity 57 during 2008 -2012 . Energy subsidies also encourages energy overconsumption in the 58
Middle East and North Africa with little incentive to adopt cleaner technology. Lack of 59 applying strict environmental regulations have permitted exacerbated urban air pollution. 60
During the last two decades, a large number of satellites, ground stations and computational 61 models contributed to build global and regional maps for the temporal and spatial aerosol 62 distributions. While, ground-based stations and field measurements can identify aerosols 63 properties over specific geographic locations, the spare and non-continues data from ground-64 based sensors scattered over the Middle East and North Africa is not sufficient to provide 65 information on spatial and temporal trends of particulate pollution. On the other hand, 66 satellites imagery could provide a significant source of data mapping over larger areas. 67
For its wide spatial and temporal data availability space-born sensors are important sources 68 to understand aerosols characteristics and transport, however low sensitivity to particle type 69 under some physical conditions, high surface reflectivity, persistent cloud, and generally low 70 aerosol optical depth could limit satellite data application in characterizing properties of 71 airborne particles, especially in the Middle East. 72
In order to evaluate the efficiency of space-borne sensors in representing ground observations 73 recorded by AERONET stations we have performed detailed statistical inter-comparison analysis 74 between satellite AOD products and AERONET for seven stations in the Middle East and North 75
Africa representative for dust, biomass burning, and mixed aerosol conditions (Dubovik et al., 76 (2000 (Dubovik et al., 76 ( , 2002 (Dubovik et al., 76 ( , 2006 , Holben et al. (2001) , Derimian et al., (2006) , Basart et al. (2009 ), Eck 77 el. (2010 , Marey et al., 2010 , Abdi et al., (2012 ). Previously we analysed these seven 78 AERONET stations to understand particles categorization and absorption properties (Farahat 79 et al. 2016) , and the current study extends the analysis to the satellite datasets. 80
In the first part of this article, we validated MISR and MODIS retrievals against collocated 81 AERONET observations. We also assessed the consistency in aerosol trends between space-82 borne sensors and ground-based data. 83
In the second part, we evaluated representativeness of satellite-derived aerosol climatology 84 over the study region from the long-term AERONET data for MISR and MODIS AOD 85 products. It is especially relevant for the MISR instrument, as its sampling is limited by once 86 per week observations of the same region from the two overlapping paths. MODIS provides 87 nearly daily observations to the same geographic location; however, the quality of the product 88 diminishes over the bright targets potentially affecting MODIS-derived aerosol climatology. 89
The collocated MISR, MODIS and AERONET data were obtained at the MAPSS website 90 In each of the nine MISR cameras, images are obtained from reflected and scattered sunlight 99 in 4 bands blue, green, red, and near-infrared with a centre wavelength value of 446, 558, 100 672, and 867 nm respectively. The combination of viewing cameras and spectral wavelengths 101 enables MISR to retrieve aerosols AOD over high reflection surfaces like deserts. 102
In this study, we use Level 2 (ver. 0023) AOD at 558 nm (green band) measured by MISR 103 instrument with a 17.6 km resolution aboard the Terra satellite. MISR Level 2 aerosol 104 retrievals use only data that pass angle-to-angle smoothness and spatial correlation tests 105 Illustrated in Figures 2, 3 and Tables 2, 3 is a regression analysis of MISR and MODIS Terra  204 AOD products against AERONET AOD over the seven AERONET sites, shown in Table1,  205 from 2000 -2015. 206 The correlation coefficient between MISR and AERONET AOD at region 1 is equal to or 207 above 0.85 except in Bahrain during DJF and JJA (Figure (2) and Table 2 ), which could be 208 attributed to lack of data and the impact of water surface reflectivity over Bahrain. Similar 209 correlation coefficient values were found in region 2 where MISR-AERONET AOD shows 210 less error than MODIS (Figures (2, 3) and Table 3 ). In general, MODIS-AERONET AOD 211 correlation coefficient is lower than those of MISR at all sites, except Mezaira, where MISR 212 and MODIS matched AERONET AOD correlation almost match. The lowest MODIS-213 AERONET AOD correlation coefficient was found over Cairo but could be attributed to the 214 lack of data availability at this location . Low values of MODIS-AERONET 215 correlation coefficient is also found over Saada, Taman, and Sedee Boker sites. 216
Over all AERONET stations, the number of MODIS AERONET matched AOD are 4 to 8 217 times those of MISR which is expected from the MISR's sampling. 218
Comparisons show that the difference between MISR and MODIS retrievals at the selected 219 AERONET sites could be significant as expected from the MODIS Dark Target algorithm 220 performance over bright land surfaces Kokhanovsky et al. (2007) . 221
High AOD values over regions 1 and 2 measured by both AERONET and satellites' sensors 222 indicate higher dust activities that peaks during May -Aug during dust storms season. Higher 223 AOD values recorded during SON over Cairo station could be caused by seasonal rice straw 224 burning by farmers in Cairo, an environmental phenomena known as Cairo Black cloud 225 (Marey et al. 2010) . As shown in (Figure (3) ), the daily variability in MODIS measurements 226 is larger than those of MISR at all the three regions. In general, MODIS tends to 227 underestimate the AOD values on low dust seasons (Figures (2, 3) and Tables 2, 3) . 228
The MODIS underestimated AOD values are more noticeable over Bahrain. This could be 229 attributed to large water body surrounding Bahrain, which should affect surface reflectivity. 230
Moreover, water in the Arabian Gulf has been polluted in recent years (Afnan 2013), leading 231 to possible changes in watercolour and uncertainties in calculating surface reflectivity. The 232 patchy land surface or pixel grid contaminated by water body is the dominant error sources 233 for MODIS aerosol inversion over the land areas (He et al. 2010) . 234
Compared to MODIS, MISR's outperform in retrieving AOD over region 1 including vast 235 highly reflecting desert areas can be attributed to its multispectral and multi-angular 236 coverage, which make MISR provide better viewing over a variety of landscapes. 237
Meanwhile, MISR retrieval also takes into consideration aerosols' particles nonsphericity, Except for AOD greater than 1 where ground observations could be more robust, both MISR 365 and MODIS retrievals can provide very good climatology matching over Taman site. 366
Taking into consideration lower number of MISR matching AERONET observations 367 compared to MODIS ~ 21 and 49 percent over SAADA and Taman respectively, MISR is 368 outperforming over these two sites, which can be attributed to its multiangle viewing 369 capabilities over complex terrains including mountainous areas (Atlas Mountains). 370
Cairo is a mega city well known for its high pollution due to traffic and agriculture activities. The complex landscape and local emissions in Cairo could impose major challenges in 381 MODIS AOD retrievals. Moreover, Cairo is one of the most densely populated cities in the 382 world that hosts major commercial and industrial centers in North Africa. Cairo also has 383 complicated aerosols structure developed by long range transported dust in the spring, 384 biomass burning in the fall, strong traffic and industrial emissions (Marey et al., 2010) . Based on analysing frequency of AOD greater than 0.4, it was found that Saada, Taman, and 488 Sedee Boker are having better air quality compared to other sites while Cairo was found to 489 be the most polluted site. 490
Results presented in this study are important in providing a guideline for satellites retrievals 491 end users on which sensor could provide reliable data over certain geographic location and 492
AOD range. 493
Adjacent geographic location and local climate among sites does not always 494 guarantee that same sensor will provide consistent retrievals over all sites. For example, Solar 495 Village, and Bahrain AERONET are surrounded by large desert regions and sharing almost 496 similar climatic conditions, but MODIS is found to be more successful in describing 497 climatology over Solar Village than over Bahrain and this could be attributed to different 498 factors related to surface reflection, cloud coverage, and the large water body surrounding 499
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